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Introduction 


It  is  a  fact  that  despite  naval  architectural  design  procedures  in 
common  use  as  recent  as  the  lasr  few  years,  it  is  almost  impossible  to 
adequately  evaluate  the  effectiveness  of  any  ship  system  without  taking 
into  account  ship  motions  resulting  from  interaction  with  the  seaway. 

The  neglect  of  this  area  of  consideration  was  a  result  of  the  inadequacy 
of  state-of-the-art  applied  hydrodynamics  to  predict  motion  responses  of 
a  ship  to  a  seaway  and  confusion  as  to  how  such  predictions,  which  must 
by  their  very  nature  be  statistical,  could  be  presented.  Due  to  several 
landmark  investigations,  methods  now  exist  which  allow  the  designer  to 
make  statistical  predictions  of  ship  motions  in  a  seaway  and,  as  such, 
use  them  in  evaluations  on  the  adequacy  of  a  design  effort.  This  study 
makes  use  of  one  of  these  methods  in  order  to  arrive  at  predictions  of 
motion  responses  for  four  representative  cutters  so  that  the  Impact  of 
this  motion  on  helicopter  designs  proposed  to  be  mated  with  these 
cutters  may  be  investigated. 


Technical  Approach 


Motion  predictions  were  made  for  four  representative  U.S.  Coast 
Guard  vessels.  These  were  the  RESOLUTE  Class  WMEC,  the  HAMILTON  Class 
WHEC,  the  POLAR  STAR  Class  ^d  the  new  270  foot  class  WMEC.  These 

were  done  by  use  of  the  Masaa^we^t-ts— Ins^L&ute  of  Techno lo^  Five 
“Degree-ot-Freedom  'S^keeping  Prediction  Program  as  modified  by  the  Naval 
Ship  Engineering  Center^  The  root-mean-square  (rms)  values 

for  yaw,  sway,  pitch  and  heave  displacement  as  well  as  vertical  displace¬ 
ment,  velocity  and  acceleration  at  the  center  of  each  ship's  landing 
circle  were  taken  directly  from  the  output  of  the  program.  These 
values  have  correlated  well  with  other  seakeeping  programs  as  well  as 
full-scale  values  and  seem  reasonable  for  the  ships  studied.  The  roll 
values,  however,  were  extremely  sensitive  to  the  shape  of  the  sea  spectra 
and  its  modal  frequency  since  the  RAO's  for  roll  responses  had  extremely 
sharp  peaks  at  resonance.^ As  a  result  the  roll  valves  predicted  by  the 
MlT'^rogram  using  the  standard  Pierson-Moskowitz  one-parameter  spectrum 
were  unrealistically  low  when  compared  to  known  roll  values  for  the 
vessels  under  consideration.  It  was  found,  however,  that  if  spectra 
were  used  based  on  the  extensive  work  done  by  Ochi  and  Hubble  in  reference 
(1),  excellent  correlation  was  obtained  between  predictions  and  known 
values.  Thus,  the  RAO's  for  roll  displacement,  velocity  and  acceleration 
were  calculated  using  the  MIT  program,  and  the  responses  obtained  by 
operating  with  these  over  the  "most  probable  spectrum"  for  each  sea 
state.  This  spectrum  was  determined  by  Ochi  and  Hubble  after  analysis 
of  800  different  recorded  spectrum  gathered  in  the  North  Atlantic. 


the  most  important  particulars  of  the  four  ships. 
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Sea  Spectra 


It  was  decided  to  choose  three  representative  sea  states,  ranging 
from  light  to  heavy  seas,  in  which  cutters  were  likely  to  find  them¬ 
selves  operating.  Those  chosen  were  sea  states  3,  5  and  7.  Figures  1 
through  3  show  the  spectra  used.  Note  that  the  dashed  line  spectrum  is 
the  Pierson-Moskowitz  spectrum  used  in  predicting  all  responses  other 
than  roll  while  that  marked  most  probable  spectrum  was  chosen  for  roll 
calculations. 


FttOUElKY  la  RPS 
Figure  1 

Sea  State  3  Spectra 
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Results 


Table  II  presents  tiie  predicted  rnis  values  for  the  ships  motions. 

It  should  be  noted  that  the  valves  recorded  here  are  those  for  worst 
heading  for  each  particuleu:  ccnpcnent  of  motion.  Another  point  of 
consideration  is  that  these  predictions  are  based  on  loi^-crested  irregular 
seas,  consisting  of  wave  conponents  of  varying  frequaicies  with  parallel 
wavefronts.  It  can  be  argued  that  a  more  natural  representation  is  a 
short-crested  sea  vtere  the  spectral  ener^  is  spread  over  waves  ^proaching 
the  ship  at  angles  which  vary  from  the  priciped.  sea  direction.  However, 
long-crested  seas  are  not  rare  and  the  motions  vhich  result  from  their 
excitation  are  somewhat  more  severe  than  those  resulting  from  excitation 
by  short-crested  seas.  Thus,  to  be  ccxiservative,  it  would  be  prudent  to 
use  those  values  predicted  for  encounters  with  long-crested  waves. 
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TABLE  II 

Predicted  Cutter  Motions 
(RMS  Values) 


Responses  at  Helicopter  Landing  Point  in  Long-crested 
Irregular  Seas.. 


As  noted  above,  the  values  given  in  Table  II  are  rms  valus.  As  it 
is  reasonable  to  assume  a  Gaussian  or  normal  distribution  for  the  random 
response  spectra.  Several  Interesting  statistical  Inferences  can  be 
made  using  these  values.  These  are  values  which  give  Che  highest  expected 
amplitude  in  a  specific  number  of  cycles  of  responses  or  the  average  of 
a  specific  number  of  the  highest  amplitudes.  These  values  are  given  In 
Table  III. 


Table  III 


SINGLE  AMPLITUDE  STATISTICS 

STATISTIC  MULITIPLIER  (OPERATED  ON  RMS  VALVE) 


Root  Mean  Square  I. 00 

Average  Amplitude  1.25 

Average  of  Highest  One-Third  Amplitudes  2.00 

Average  of  Highest  One-Tenth  Amplitudes  2.55 

Average  of  Highest  One-Hundredth  Amplitudes  3.34 

Average  of  Highest  One-Millionth  Amplitudes  5.27 

Highest  Expected  Amplitude  in  Indicated 
Number  of  Cycles  of  Response  - 

10  2.15 

30  2.61 

50  2.80 

100  3.03 

200  3.25 

1000  3.72 
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